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Anolog and dips ml f?^elus; ore u%ed to ?".eienf ftus octyol value of o pwometm 
to on observer. ^election or iultoble disploy ^otnat fof a special f<uk 

depends esseolsoliy on nccijrate fdigHol) or 0^,; :k faualog) reading 

h demondod,. To coo^olnr both properHes ^ occyrnte ond quick recjdmg - 
withm one sioohx^ and dlpliof eiea>ents hove to be pie$eoted simyt- 

tooeoiUj)? in o ^vo)?\,. that h ft>osr tuiroble tys by moo perception. 

Sincs^-' thu ptoblere con f'o? be solved by theoretical roeom,. several dfsploy ~ 
formats 'A-ere comporesS by o compofcrive e»?^.)er imeotol study (*^ee rig. U, 8^-. 
iide Ofsolog ih nod digital <61 .coles., some hybrid ionalog-^^digital) torfuats 
were token Into coresides o tion . S'/ster?r 4 is o moving scale meter. 


tig. I ; Ej^omined disploy formats 2 S 
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t.><pefimer?tal prs^cedyre ^ ^ 
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The metens are pr^%mnM subsequently to the subjects. During this time, tb€ ? S> 

1^ /TS 


indicoted smlssse was cKarrglag wi fh constant ro»<t and stafuticolly oitof noting C p 3 

dsrectsor^« At the end eo preientotion iotesval an acousHc signal was 
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3) A mixture cf the two sy.remj mentioned before reprerent, a third pattlbUify, A 
secHort of th^r total rotise !st indicated by on analog scale ond o digitol dis- 
play indicates the range of the actual value. The measured variable is shown 
by the pointer on the scale ond by the digital indicotion. In the following 
thts display is called "hybrid display* (see figure 1, display No. 2-5). 

In the present research various display systems had to be compared as to their 
readobiiity. For that poipase, the rote of change of the displayed volue Is 

varied over a forge range, in order to obtain guantitctive data in the transition 

fo#ig0 b^hiye^ri ildHc Qi^d dynomlc 

The reading-error is selected at o measure. The Introduction of the pointar- 
veiacity a, on Independent varldsle in these experiment, leods to the problem 
of a suitable research- method . Until now only static methods (e.g., meons 
of the fochistoscope) ore known form llteroture. For this experimental study 
o new-dynamic procedure- was developed which I will describe later on. 

2 r I mental 

Figure 1 show, the vorfous display,, which were presented to the subject,. All 
systems had the same rorsge of 50 000 unit,. Four hybrid displays {No. 2 through 5| 
were examined in oddition to one onalog (No. 1) ond one digital di^lay (No .6), 
The length of the scale was th« some for the disploys No. I fhrou^ 5. The 
scale, subtended a visual angle f 8°, with the lin-of-sight perpendicular to 
the display surface. As a scale-form the line-scale was selected ond orabic 
figures were chosen for numbering of the scale, ond the digital display. The 
geometric dimension, of these dtsploy chorocteristics correspond to the rules 
ovaNable in lllerofuret 

n>e diiploys, which are presented on o CRT, ore generoted by means of o 
symbol-generator developed in our institute. The location of individual symbols, 
far exompel tht painter, position on the scale, can be cborsged by an exter- ' 
nol analog voltage, ond individual symbols, for example fhe figures of a scale, 
con be changed by digital informotten externally supplied (see figure 2). 
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Figure 3 : l^^erimentQl procedure! diogrom 

off during the friol run. The durotion of one triol wc» stochoitleollv varied 
«nor^ three fixed-time periodi so that the sobiect could not predict the repoired 
moment of reeding. 'Pte stertif^-posltion of the pointer, the rote of chonge of Hte 
diipioyed value, and the time of presentotion ore fixed for eoch trial. The direction 
in which the pointer moves is confrolled by o rondom-generotor . An electronic 
control prevents Hie pointer from chonging the direction in the lost second 
before the turn off. The rote of change of the disployed volue is syitemoticolly 
varied for each triol. The ^eed volues we logorittmsIcoUy groduoted end cover 
o ronge of 20 to 5CK» units per second for the dinsloys No. I through 5, The rote 
of chonge con n!so be espressed os o pointer velocity in degrees per second. For 
o scole viewing ongle of 8°, os mentioned before, volues between O.OJ32 and 40 
degrees per second ore obtoined. In display No. 6 the numbering frequency was 
varied over o range from 5 to 1 SX» units per second. On the averoge the reodii^s 
were mode holt at increoiing ond half at decreosing tendency of the displayed 
VOlUtr 

The difference X between the value r^orted by the ss*>t*c» diqsleyed 

th# £>#rfi^rmanc:e m#«sur# h called th# **f#csdirig error * 


Figure 2 s let « up 


The screet^ abterved by the $^}ect Imtolled In a 
sloped such thnt o subject of avefoge six# looks vertli 
scr een * : 


3^ li^efimentel procedure 


I used In this e)^erlment» 
i^ne preselected dfsplrsy Is presented on the 
reed this dlspley (figure 3)* The pointer stnrts 
and then moves 
#ie chosen rote of chonge 


In the following I’ll describe the dynomie method. 

At the beginning of o given triol 
CRT screen and the subject has to 

of □ stotistically determined position of the ovail^le range 
up or down with o constont velocity eccording to 
for the displayed value, os you con see here. After o few seconds on 
I nnd the subiect hos to read th# volue at thof moment 


4, E;yertmentol result qnd discussion 


For these experiments a reodability Index for o display is derWed from pro- 
portlonol "correct recdings**. G>ntrory to the digital display on accurate 
reodlnn is hardly possible In orralog displays. For that reason a certain range 
of to It 'once needs to be choser^ In my cose + 50 units, ond »’ ' **.^x>rtIon 
of onswers Is cetermined, for which the reoding error X is situo n 'thin 
this . This evaluation method proved to be odvontogeous, t^eclolly for 
^hf comparison between analog and digital forms of displays and e “obles a 
comporison among the distributions of the reoding errors X. 

Gsncerning the diagrams, which I'll show In a moment, it should be noted, 
that the rott of change Is olwoys shown In logarithm units, .vhereos the 
ordinate, which represents the readability Index, shows o lineor subdivision. 
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Figure 4 : Correct reodings os a function of the chongirsg rate of the 

displayed value 

The results in terms of proportional "correct readings" ore shown in figure 4. 

As you con see, the hybrid displays No. 2 through 5 present the best readobility, 
when the answers are interpreted or "correct" with o readirtg error criterion 
of moximol ^ 50 units. As the hatched surface shows, these displays are 
approximately equally well reod. Comparing the hybrid disploys with the 


digital display perforir; nee wos about 10 % worse than the hybrid dtq»loy per- 
formance, The pure analog diiploy (No. 1) shows the worst result os could be 
expected form the scale-resolution used (2 000 units per scale division with a 
scole spocirtg of 20 arc-minutes). 

The lood on the subject, assccioted with reoding the individuol disploy systems, 
was examined In a second etperiment using an odditionol secondary toslc (see 
figur't 2). A fixed circle and o cross, which is movable in the imoge field, 
ore presented toward the right of the displays. The subject must bring the 
cross bock into the circle by means of o control stick, which cOn be moved 
in two dimensions during the run of trial . The subject hos to try to 
keep the cross ot the null point. At the begirming of eoch trial the cross 
is displaced form the null position in the circle with a certain initial occelerotion . 



Figure 5 : The influence of the secondary task 
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In figure 5 Ihe influerKe of the odditloool -ecoodory to* h *own. The open 
«,uore repre«nH the n»on volue of the correct reading, fo' •«»* ^V.t-n corr«- 
ponding h. the e„.«iment, without secondory to*.. The corr«ponding results 
wi* the odditionol secondory to* or. mo*«l by the shoded squores. For the 
second e»perimentol run, differences now con be noted in the reading per- 
formonce of the hybrid displays. Whereas the disploys No. 4 ond 5 show 
aln»st no influence, the nun*er of correct reodings for display No. 3 is about 
5 % lower. Disploy No. 2 clearly shows that the subjeeh alreody w«e very 
.noch stressed with their main to* of reading the disploy so thot the numb« 
of correct answer, become neorly 15% less when simulton«,u.ly enecuting 
*e secondory to*. Allough .he digital display No. 6 shows no change 
eonvorcd to the re«,lts of the first series, i.e. without secondary to*, now 
it is reod better thor^ disploy No. 2 by oboot 3 %. 

in the figure 6 the neon error of re«ting J for the sin 4:*!=.,-. ore represented. 

About 200 answers were given by the subject, for the onolysi. of on. veiocty- 

ssep in ^ne disploy with increosing or decreasing tendency. The meon volue, 

X arri X« « well as the variance. . - dE 

IN Ot 

these dote. 

in the upper diogram the relotionship between X,^ and changing displayed 
volue rote is shown for the vorious display systems under the et^wimenfol 
condition of -increosing tendency*. The lower diagram shows the simular 
relationships except for the “dmtreoslng tenissncy*. As the results show, the 
rmsding performance depends not only on the display system and on the rat. 
of Chong, of the disploy^l value, but olso clearly on the direction of move- 

rr>ent terxiency). 

I, is generally true that toolorg. a reodlng is mode during on incr^ssing _ 
tendmscy <X,n 0|, wher«» during decr^ssing tendency the m«,n «ror Xp^ 
is smolle. than zero (X g ^ 0) . Thot nrnons : in on increosing tenoercy 
hie subjects always tend to rmsd higher value - compared to the octuol valur - 
ond they read o lower value in o decreosing tendency. Furthermore i* wos 
found that the ob«,.«te mean error IXl is somewhat smaller during the d«:reo.ing 

tendency ( 




The same effect is observed for the corresponding values of the variance. That 
means : the subjects tend to reod more accurately under conoitions of de- 
creasing tendency. Regording the results for disploy No. 6, the digital display, 
it should be noted thot - contrary to statements in the literoture - subjects did 
perceive the chonge of direction of the displayed value, especially at high 
rotes of change. 
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Figure 7 Absolute reeding error as o function of the changlrtg rate 
of the disployed value 

A further possibility for defining an index of readobilit> of a display is given 
by the "obsoiute reading error*. This error wes formed from the values 
mentioned before by the equation in the upper part of the diogrom in 
figure 7. 

The significant influence of the velocity is quonlitofively the some for oil 
disploys ond grows with the increasing values for the rote of chonge* In the 
hybrid displays (No. 2 through 5) the corresponding values of the pointer- 
velocity vory between .08 or>d 40 degrees per second. Even in the analog 
disploy (No. 1) in which the pointer moves with a maximal velocity of .8 


degrees per second, o clear InfluerKe con be seen. As results from literoture 
hove shown this dependerKe of the reading error on the pointer-velocity 
cannot be orgued for by the "dynomlc visuol accuity". 

5. Conclusion 

To reccpitulate the results of this investigation I would like to state the 
following : 

the experimental method used has prove to be useful for showing differences 
in the performance of dynamically reodir^ several dIploy systems. 

The results of this research can be summarized under three oqsects : 

1) The effect of the severot displays on the reodirxg performance In terms of 
eoirecf reading shows, thot the hybrid disploys are superior to the digital 
and the onolog displays. The analog disploy shows the smallest mimber of 
correct answers, as should be expected by the small scale-resolution. Whereos 
in the first expm'iments without the secondory task nearly tfie some results 
were obtained for the hybrid displays, differences were obtained in the 
experiments with on additional secondory task. 

2) The influence of the tendency of the displayed value shows^ that during 
the inr nsing tendency a reoding error greoter than zero is obtoined, 
during decreasing tendency the error is smaller than zero, 

3) The effect of the changing rote of the displayed value on the reading 
performonce Is quolitotlvely the some for all excomined displays. 
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